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Two newly discovered ectotrophic mycorrhizae of Douglas fir (Pseudotsuga menziesii (Mirb.) Franco), 
each formed by a distinct strain of Poria terrestris (DC. ex Fries) Sacc., are described. Each is named 
according to tree and fungus species, including strain of the latter as denoted by characteristic staining 
of respective sporocarps: Pseudotsuga menziesii + Poria terrestris (blue-staining) and P. menziesii + P. 
terrestris (orange-staining). Macro- and micro-scopic descriptions of the natural mycorrhizae, of sur- 
rounding mycelia and rhizomorphs, and of nutrient agar cultures of each fungal strain of P. terrestris 
are given. The two described strains of Poria terrestris are proposed for at least varietal distinction on 
the basis of their mycorrhizal and cultural differences. 


Introduction 


Mycorrhizae in the forest and in the nursery 
still remain a confusing array of colors, shapes, 
and sizes, not just to the forester and nursery 
manager but even to the mycorrhiza specialist. 
Not only are we unable, with very few exceptions, 
to identify a mycorrhiza as a function of both a 
known tree species and a known fungus, as ide- 
ally proposed by Trappe (19675), but we are yet 
unable, in most part, to simply recognize distinct 
mycorrhizae of a given tree species. 

Most previous references to Douglas fir (Pseu- 
dotsuga menziesii (Mirb.) Franco) mycorrhizae 
characterize and designate different forms simply 
by color, as black, white, yellow, or olive, and by 
gross morphology, as simple, pinnate, or race- 
mose. Two mycorrhizae, the black one with 
Cenococcum graniforme (Sow.) Ferd. & Winge 
and a tuberculate one, were described in detail by 
Trappe (1962, 1965). Later, Trappe (1967a) pro- 
vided detailed descriptions of four Douglas fir 
mycorrhizae synthesized in pure culture with 
Hebeloma crustuliniforme (Bull. ex St. Amans) 
Quel, Suillus subolivaceous Smith and Thiers, 
Rhizopogon colossus A. H. Smith, and Astraeus 
pteridis (Shear) Zeller. However, none of these 
were compared with mycorrhizae in nature. 

This paper, first in a series characterizing and 
classifying mycorrhizae of Douglas fir, describes 
two new types discovered in the Pacific North- 


west. Each has as symbiont a distinct strain of 
Poria terrestris (DC. ex Fries) Sacc. 


Designation of Mycorrhizae 


Each mycorrhiza received, on discovery, a 
tentative designation based simply on tree species 
and color. Later, when both fungal partners were 
isolated and confirmed as associates, their arbi- 
trary designation, Z-14 and Z-15, were used to 
define the mycorrhizae further. Naming was com- 
plete when the fungi were identified as Poria 
terrestris. 


SEQUENCE OF MYCORRHIZA DESIGNATION 


First Douglas fir Douglas fir 
White No. 1 White No. 4 

Second Douglas fir + Douglas fir + 
Z-14 Z-15 

Final Pseudotsuga Pseudotsuga 


menziesii + 
Poria terrestris 
(orange-staining) 


menziesii + 
Poria terrestris 
(blue-staining) 
For convenience, the blue-staining mycorrhiza 
will be referred to as the Z-14 mycorrhiza and 
the orange-staining mycorrhiza as Z-15. 
Identification of fungi was based on sporo- 
carps found associated with each mycorrhiza. 
When young, both sporocarps are pure white 
(Fig. 1, A-B) and appear to be identical. Later, 
discrete blue-green, blue, and purple stains appear 
on the pore surface of the sporocarp associated 
with the Z-14 mycorrhiza and orange stains on 
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the surface of the Z-15 mycorrhiza sporocarp.! 
Staining becomes more pronounced as sporo- 
carps age. 


Occurrence and Development 


Both mycorrhizae have been regularly found 
in Douglas fir forests of the Coast Ranges in 
western Oregon. Their distribution has not been 
studied, but they are probably widespread in 
Douglas fir forests of the Northwest. Poria ter- 
restris has been reported as common in this area 
as well as in other parts of the United States and 
in Europe (Lowe 1966). 

The usual habitats for both mycorrhizae were 
large, decayed Douglas fir stumps (0.6-1.8 m 
high and 0.9-1.8 m in diameter), or pieces of 
wood debris in 60- to 100-year-old, second- 
growth Douglas fir forests at elevations from 150 
to 600 m. Besides Douglas fir, the overstory typ- 
ically contained scattered western red cedar 
(Thuja plicata Donn), western hemlock (Tsuga 
heterophylla (Raf.) Sarg.), and occasional red al- 
der (Alnus rubra Bong.). Prominent understory 
plants included vine maple (Acer circinatum 
Pursh), red whortleberry (Vaccinium parvifolium 
Sm.), salal (Gaultheria shallon Pursh), Cascades 
mahonia (Berberis nervosa Pursh), and western 
swordfern (Polystichum munitum Presl). 

The stumps, although largely decayed, retained 
their form, and bark was intact but easily pried 
off. The tops were loose, friable masses often sup- 
porting salal, red whortleberry, and occasionally, 
a western hemlock seedling. Mycorrhizae were 
found in the outer zone under bark slabs, in 
pockets of pulverized residue, and in fissures of 
firm, brown rotted wood. The Z-14 mycorrhizae 
usually were within 30-60 cm of the ground, but 
Z-15 mycorrhizae were distributed throughout 
the height of 1.5- or 1.8-m-high stumps. Although 
both mycorrhizae generally were present in the 


1Both Prof. J. L. Lowe, State University of New York, 
College of Forestry, and Prof. R. L. Gilbertson, Univer- 
sity of Arizona, identified the blue-staining and orange- 
staining sporocarps as the same fungus, Poria terrestris. 
However, as will be seen later, cultural and physiological 
differences between the two strains warrant at least a 
varietal distinction. 
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same forest area, they rarely were found in the 
same stump, log, or piece of wood. The Z-15 
mycorrhiza appeared to be the commoner of the 
two. Of 33 Douglas fir stumps examined in one 
5-acre (2-hectare) area, 26 contained the Z-15 
mycorrhiza and only two the Z-14 mycorrhiza. 

All samples of Z-15 mycorrhizae came from 
decayed wood, but one sample of Z-14 mycor- 
rhizae was collected from loam soil in an old- 
growth Douglas fir stand. These mycorrhizae 
were fully enveloped in mineral soil free of any 
large pieces of decayed wood. Several fresh Poria 
terrestris (blue-staining) sporocarps, formed in 
small cavities in the soil, were associated with the 
mycorrhizae. 

At an elevation of about 300 m, first Z-14 and 
then Z-15 mycorrhizae appeared in the second 
half of October, after beginning of fall rains, and 
were present until the end of May or early June. 
During best development of the mycorrhizae, 
from January to March, temperatures in decayed 
wood ranged from 3° to 5°C and rains were al- 
most continual. Fresh sporocarps of both fungi 
occurred from December to March. Those found 
later were usually deteriorated, mostly from feed- 
ing by mites. 


Gross Morphology 


Both Z-14 and Z-15 mycorrhizae are pretty, 
white, pyramidally pinnate forms, with elements 
interconnected by and enveloped in loose myce- 
lium and hyphal strands? to which numerous 
rhizomorphs are attached (Figs. 2, A-C, and 3, 
A-C). As the mycorrhiza ages, surrounding my- 
celium apparently collapses onto the surface and 
then rhizomorphs attach directly to the mantle. 
Pinnate fans are simple, compound, or doubly 
compound and may occur in clusters of several 
oriented in all planes. Superficially, the two 
mycorrhizae appear quite alike, but close inspec- 
tion exposes several differences. 


2As used in this paper, “hyphal strand” refers to a core 
of one broad hypha or several parallel broad hyphae 
flanked or surrounded by one or more outer, narrow 
hyphae. It is a beginning rhizomorph but lacks the di- 
ameter, length, and ropelike character of the rhizomorph. 


Fic. 1. Sporocarps and rhizomorphs of Poria terrestris. A. Blue-staining sporocarps on inner surface of 
bark slab from large, decayed Douglas fir stump (X 0.7). B. Pore surface of young blue-staining sporocarp 
(x 5.0). C. Rhizomorph of blue-staining strain of P, terrestris showing characteristic fringe of curly hyphae 
(x 545). D. Rhizomorph of orange-staining strain (X 545). Both rhizomorphs were mounted in polyvinyl 
alcohol and photographed with phase contrast lighting. Except for color of staining and structure of attached 
rhizomorphs, sporocarps of the two strains of P. terrestris are apparently identical. 


ZAK: MYCORRHIZAE OF DOUGLAS FIR 


Z-14 Mycorrhiza 

The symmetrically regular to irregular fan of 
this mycorrhiza is 0.5 to 2.0 cm long and up to 
1.5 cm broad. Clusters of fans may be up to 3.0 
cm in diameter. Individual elements are straight 
to somewhat tortuous, rather uniform in diam- 
eter (from 0.4 to 0.7 mm but usually about 0.5 
mm). i 
Young mycorrhizae are brightly white, often 
with a faint pink tinge. Discrete stains of blue- 
green, blue, and purple, identical with those 
found on the pore surface of associated sporo- 
carps of Poria terrestris, appear on tips and sides 
of some elements. Older fans are duller white and 
more staining is present, especially toward the 
base. At low magnification (X10), the outer 
mantle appears almost powdery in texture. The 
mycelial network interconnecting elements is del- 
icate and gossamery. 

Rhizomorphs connected to young mycorrhizae 
are brightly white and only occasionally stained. 
Those attached to older mycorrhizae are dull 
white and often heavily stained, sometimes com- 
pletely a deep purple. Rhizomorphs are up to 0.3 
mm in diameter and may extend 10 cm or more. 

Mycorrhizae and rhizomorphs fluoresce a 
bright white in 3660 Å ultraviolet light. Crushed 
mycorrhizae have a faint, but not distinctive, 
mushroom odor and taste. 


Z-15 Mycorrhiza 

Pinnate fans resemble those of the Z-14 mycor- 
rhiza but are somewhat larger, and clusters may 
attain a size of 3 by 4 cm. Similarly, diameter and 
form of individual elements are like those of the 
Z-14 mycorrhiza. 

Fresh mycorrhizae are brightly white but lack 
the pink tinge of the Z-14 mycorrhiza and usually 
are unstained. With age, they become a dull 
white; yellow and yellow-orange stains appear on 
tips and along sides of elements. Deeper stains 
resemble those occurring on the pore surface of 
older Poria terrestris sporocarps found associated 
with this mycorrhiza. The mantle surface appears 
coarse and has a felty texture. Interconnecting 
mycelium is coarse, in contrast to that of the 
Z-14 mycorrhiza. 

Rhizomorphs from young mycorrhizae range 
from white with scattered yellow stains to uni- 
formly cream to light tan. Those of older mycor- 
rhizae are uniformly dull yellow. Diameter ranges 
up to 0.3 mm and length to over 10 cm. 
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Young mycorrhizae and attached white rhizo- 
morphs fluoresce a bright white in 3660A 
ultraviolet light. Cream to light tan young rhizo- 
morphs and older rhizomorphs fluoresce a pale 
olive; element tips of older mycorrhizae fluoresce 
a dull orange. Crushed mycorrhizae lack a notice- 
able taste or odor. 


Anatomy 


Sections of mycorrhizae were prepared by fix- 
ing elements in CRAF (Johansen 1940) and 
embedding the material in 56° to 57 °C Paraplast. 
Both treatments were applied under 15-inch vac- 
uum to improve paraffin penetration and reduce 
tearing of tissue. Sections were cut 8-12 u thick 
and stained with safranin — fast green in clove oil. 

Although cross and longitudinal sections pro- 
vided a fairly complete anatomical picture of 
mycorrhizae, mantle details were seen better in 
fragments scraped from fresh mycorrhizae with 
a sharp scalpel. Temporary mounts were made in 
polyvinyl alcohol (15 g dissolved in 100 ml wa- 
ter), 5% KOH, or saturated chloral hydrate. 
Hoyer’s medium (Anderson 1954) was used to 
prepare permanent mounts. Incrustations on hy- 
phae were unaffected in polyvinyl alcohol. How- 
ever, in the other mounting media, deposits were 
dissolved leaving walls clean and sharply defined 
when viewed with phase contrast lighting. Details 
of tissues and hyphae were described from both 
clarified material and from mounted microtomed 
sections. 


Structure of Mycorrhizae 

The two mycorrhizae differ little in anatomy. 
Both are ectotrophic with well-developed mantles 
20 to 40 y thick and Hartig nets (Figs. 2, D, and 
3, D). Cross-sectional diameter of undeformed 
cortical cells in outer tiers (those surrounded 
completely by Hartig net hyphae) is 15 to 50 y, 
mostly 20 to 30 u, and of those in inner tiers is 
15 to 60 p, mostly 35 to 50 p. Xylem is diarch. 

Tendrillike hyphae (viewed after walls were 
clarified) from hyphal strands and rhizomorphs 
connect to a loose surface layer representing 
about one-quarter of the mantle thickness. In the 
Z-15 mycorrhiza, this layer is simply a loose 
tangle of interwoven, fairly regular, straight, and 
rather thick-walled hyphae, but in the Z-14 
mycorrhiza, it is spongelike and consists of char- 
acteristic, very thin-walled, staghorn-branched 


PLATE I 


PLATE II 


Fic. 2. Pseudotsuga menziesii + Poria terrestris (blue-staining) mycorrhiza. A. Young pinnate fan with 
surrounding gossamery mycelium and rhizomorphs (X 5.0). B. Pinnate fans on same Douglas fir rootlet with 
unidentified brown pinnate mycorrhiza (X 5.0). C. Older mycorrhiza; dark spots along elements are charac- 


teristic blue and purple stains (X 5.0). D. Cross section of mycorrhiza showing mantle (11) and Hartig net 
(H) (X 545). 


PLATE III 


Fic. 3. Pseudotsuga menziesii + Poria terrestris (orange-staining) mycorrhiza A and B. Clusters of pin- 
nate fans (X 2.5 and X 5.0). C. Clusters of mycorrhizae on inner surface of bark slab from large, decayed 
Douglas fir stump (X 0.4). Discrete yellow-orange stains develop along elements of older mycorrhizae. D. 
Cross section of mycorrhiza showing mantle (m) and Hartig net (H) (X 545). 
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hyphae, This difference between the mantles of 
the two mycorrhizae can be discerned in micro- 
tomed sections but is much more apparent in 
scraped mantle fragments (Fig. 4, A-B). 

As viewed in cross section, the inner part of 
both mantles appears as a fairly uniform prosen- 
chyma. However, examination of fragments 
treated with chloral hydrate reveals an outer 
layer of tightly interwoven hyphae (Fig. 4, B) and 
an inner layer with hyphae arranged in stellate 
patterns (Fig. 4, C). The latter design appears to 
be more pronounced in Z-15 mycorrhizae. 

One to three tiers of flattened and discolored 
cortical cells may be included in the inner mantle 
layer. Tightly fitted septate hyphae, 2.5 to 3.0 u 
in diameter, form a labyrinthine pattern (Fig. 4, 
D) when in contact with cell walls. 

The Hartig net in both mycorrhizae includes 
two to four tiers of normal cortical cells. Separa- 
tion between individual cells is usually only one 
hyphal diameter, 2.5 to 3.0 p. Hyphae are septate 
and thin walled; in contact with cell walls they 
form a labyrinthine pattern. Orientation of indi- 
vidual hyphae on end walls, as seen in cross sec- 
tion, is random but, as seen in longitudinal 
section, predominantly perpendicular to the root 
axis on walls parallel to the root axis. 


Rhizomorphs, Hyphal Strands, and Surrounding 
Mycelium 

Rhizomorphs of both mycorrhizae have a core 
of broad, closely packed, straight, parallel, hy- 
aline hyphae sheathed by a thin layer of narrow 
entwining hyphae. Both types of hyphae are sep- 
tate, thin walled, and regular in diameter. Central 
hyphae are incrusted only in smaller rhizomorphs 
but outer hyphae are usually heavily coated with 
granular deposits. The largest of the broad hy- 
phae occur in the thicker rhizomorphs. In Z-14 
rhizomorphs, broad hyphae are 2.4 to 5.5 u in 
diameter. Clamp connections are scarce to few. 
Narrow hyphae are 1.3 to 2.4 p, mostly about 
2.1 p, in diameter and hyaline, blue or purple. 
Clamp connections are absent but “H” fusions 
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are frequent. In Z-15 rhizomorphs, broad hyphae 
are 2.4 to 8.0 p in diameter and lack clamp con- 
nections. Narrow hyphae are 1.3 to 2.4 p, mostly 
about 2.1 p, in diameter, hyaline or golden yel- 
low, lack clamp connections, but are frequently 
joined by “H” fusions. 

A major difference between rhizomorphs of the 
two mycorrhizae is the additional presence of a 
loose fringe of curly hyphae along Z-14 rhizo- 
morphs (Fig. 1, C). Extending from narrow 
sheath hyphae, these characteristic hyphae are 
nonseptate, thick walled (almost without lumina), 
highly refractive by phase contrast lighting, and 
of regular and small diameter (1.3 to 1.6 p). 
Young mycorrhizae and sporocarps of the two 
forms of Poria terrestris, though lacking blue or 
orange stains, are readily distinguished on this 
basis by examination of attached rhizomorphs 
at X400. 

Strand hyphae are essentially the same as re- 
spective hyphae in rhizomorphs with but slight 
exception. Inner hyphae are not as broad: from 
2.1 to 2.6 pin Z-14 strands and from 2.1 to 4.7 u 
in Z-15 strands. They and outer, narrow hyphae 
are usually heavily incrusted. Moreover, strands 
of Z-14 lack the rhizomorph’s characteristic 
fringe of curly hyphae. Simple and paired branch- 
ing of broad, center hyphae give rise either to 
another center hypha, to a narrow, entwining 
sheath hypha, or to an external hypha. Each 
branch may itself immediately form a pair of 
branches. Sheath hyphae have only simple 
branching but frequent “H” fusions. The few 
clamp connections that have been found occur- 
red only on broad, central hyphae of Z-14 
strands. 

External, enveloping mycelium of both mycor- 
rhizae consists of heavily incrusted hyphal 
strands and individual hyphae similar to those of 
hyphal strands. Hyphae are mostly 2.0 to 2.6 
in diameter, thin walled, straight, and regular. 
Larger hyphae of Z-14 mycorrhizae occasionally 
bear clamp connections. A few “H” fusions may 
be found joining smaller hyphae. 


FIG. 5. Macro- and micro-scopic characteristics of Z-14 isolates of Poria terrestris (blue-staining) grown on 
Melin-Norkrans-Marx nutrient agar medium. A. Five-week-old mat grown from sporophore rhizomorph 
isolate (X 3.0). B. Jncrusted aerial mycelium (X 545). C. Submerged mycelium (X 545). D-G. Details of aerial 
mycelium: D, hyphal strand (X 545); E, paired branching of hyphal strand central hypha (X 1360); F and G, 
clamp connections (X 1360).B, C, and F mounted in polyvinyl alcohol, D and E in Hoyer’s medium, and G 


in 5% KOH. B-G lighting is phase contrast. 


PLATE VI 


ZAK: MYCORRHIZAE OF DOUGLAS FIR 


Isolation of Fungi 


The two strains of Poria terrestris were isolated 
in pure culture from rhizomorphs attached to 
sporocarps and mycorrhizae and from the mycor- 
rhizae themselves. Rhizomorph pieces 5-10 mm 
long and mycorrhizal elements 2-5 mm long 
were surface sterilized for 5-20 sec in 30% hydro- 
gen peroxide, rinsed in sterile water for 2-3 min, 
plated on Melin-Norkrans medium with added 
agar, as modified by Marx (1966), and incubated 
at 20 °C. Based on nine tests each of 10-25 tissue 
pieces, isolation success varied from 6 to 83%; 
overall average success, based on a total of 179 
platings, was 38%. 


Cultura] Characteristics of Fungi 


Marx-modified Melin-Norkrans medium with 
added agar was used for study of cultural charac- 
teristics. Reaction of medium after autoclaving 
was pH 5.5 (+ 0.2). Cultures were grown in the 
dark on 5-mm-deep medium in petri dishes at 
20 °C for 5 weeks. 

Isolates from all sources were examined. Ex- 
cept for moderate variation in diameter growth 
and minor color differences, all isolates of each 
form of Poria terrestris were alike, both macro- 
and micro-scopically. 


Poria terrestris (Blue-staining): Z-14 Isolates 

Macroscopic Characteristics 

The 1- to 2-week-old mat is brightly white with 
its reverse center beginning to assume a light blue 
color. At age 5 weeks, the center third of the mat 
is purple, grading outward to deep blue, lighter 
blue-green, and finally to a narrow to moderately 
broad white margin. Underside coloring is sim- 
ilar. Pigment is not diffused in the agar medium. 

At first raised and cottony, the mat at 35 days 
is only slightly raised (less than 1 mm) and the 
even margin more or less appressed. The surface 
is felty with numerous hyphal strands radiating 
from the center, sometimes to the margin (Fig. 5, 
A). Average diameter attained in 35 days is 2.8 
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cm. A characteristic fragrant, roselike odor is 
produced. 


Microscopic Characteristics 

A, Aerial hyphae—Mycelium consists of heav- 
ily incrusted individual hyphae and hyphal 
strands (Fig. 5, B). The latter are 3-20 hyphae 
thick (Fig. 5, D) and similar to those around 
mycorrhizae and on the undersides of sporo- 
carps. Hyphae are both hyaline and light to deep 
blue and purple. Incrustations on most appear 
amber but on heavily pigmented hyphae appear 
blue or purple. Colored hyphae immediately turn 
maroon in 5% KOH. Thin hyphae are 1.3 to 2.4 
u, mostly about 2.0 u in diameter, whereas thick 
hyphae are 2.6 to 5.3 u, mostly 2.5 to 3.2 u in 
diameter. Branching is simple or paired (Fig. 5, 
E). Most hyphae are regular in diameter and 
straight; few undulating hyphae are present. 
Clamp connections (Fig. 5, F-G) are few but 
somewhat more frequent on large hyphae than 
on those found around mycorrhizae. They are 
rare on small-diameter hyphae. 

B. Submerged hyphae—They are blue and 
purple in the pigmented zone of mats and imme- 
diately change to maroon in 5% KOH. Diameter 
is regular to irregular, from 1.5 to 6.3 p, mostly 
2.4 to 3.2 u; walls are fairly straight; but many 
hyphae undulate (Fig. 5, C). Branching is largely 
simple. Most hyphae are thin walled, but older 
hyphae have irregular deposits along inner wall 
surfaces. Those at edge of mat are hyaline and 
do not change color in 5% KOH. Clamp connec- 
tions are rare. A few thick-walled and highly 
refractive hyphae occur. 


Poria terrestris (Orange-staining ): Z-15 Isolates 

Macroscopic Characteristics 

The 1- to 2-week-old mat is white and its re- 
verse center, a weak tan. At 35 days, the mat 
(Fig. 6, A) is fairly uniform cream to yellowish 
tan. Underside center is brown; the remainder, 
cream to light tan. Old mats, especially when 
grown on a thin layer of nutrient agar, may pro- 
duce rusty-brown crystalline deposits in agar, 
sometimes as radial streaks. 


Fic. 6. Macro- and micro-scopic characteristics of Z-15 isolates of Poria terrestris (orange-staining) grown 
on Melin~Norkrans—Marx nutrient agar medium. A. Five-week-old mat grown from sporophore rhizomorph 
isolate (X 3.0). B. Incrusted aerial hyphae bearing conidiophores with conidia (X 545). C. Submerged my- 
celium (X 545). D-F. Details of aerial hyphae (X 1360): D, simple conidiophores; E, paired branching; F, 
branched conidiophore. Band C mounted in polyvinyl alcohol and D-F in 5% KOH. B-F lighting is phase 


contrast. 
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Young and 35-day-old mats closely resemble 
Z-14 mats in shape and texture except that hyphal 
strands are absent and growth is slower. Average 
mat diameter in 35 days is 1.6 cm. No charac- 


teristic odor is produced. 
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Microscopic Characteristics 

A. Aerial hyphae—Hyphal strands are not pro- 
duced, only individual hyphae heavily incrusted 
with golden-yellow deposits. Most hyphae are 


straight, a few undulating, thin walled, and 


TABLE I 


Color reaction of Poria terrestris (blue-staining) tissue and mycorrhiza to chemical reagents 


Reagent* Sporocarp 


Mycorrhiza mantle 


Rhizomorph 


Chlorovanillin Pore edges turn purple 
in 1 min, walls re- 
main white. Under- 
side becomes purple 
in 1 min 

Pore edges, then walls, 
turn purple, almost 
at once, becoming 
deep purple in 1 
min. Same for 
underside 

Pore surface and un- 
derside immediately 
become orange-pink 


H>SO4, concd. 


KOH, 15% 


Melzer Pore edges turn bril- 
liant green in 1 min, 
walis remain white. 
Underside becomes 
brilliant green in 1 
min 

No reaction 

Pore walls turn orange 
almost immediately. 
After 1 min, walls 
are pink and pore 
edges a bright red. 
Underside becomes 
bright red after 1 
min 


NH,OH, concd, 
Sulfoformol 


Turns purple in 1-2 
min 


Immediately turns 
purple, changing to 
deep maroon and 
finally dark brown 


Immediately turns a 
dull pink 


Becomes brilliant 
green in 1 min 


No reaction 

Immediately turns a 
weak pink, changing 
to a weak pink- 
lavender 


Agar mat (Z-14)t 


Turns purple in 1 min 


Changes immediately 
to purple, then to 
deep maroon, and 


finally to dark brown 


No clear reaction 


Turns spottily green 
after 1 min 


No reaction 
Changes in 1 min to 


pink-red, to lavender 


No clear reaction 


Center of mat im- 
mediately becomes 
purple, changing to 
deep maroon and 
finally to dark 
brown 

Purple center of mat 
immediately changes 
to deep red, then to 
maroon 

Aerial mycelium al- 
most immediately 
turns a brilliant 
green 


No reaction 
No clear reaction 


*According to Singer (1962), pp. 82-94. Melzer solution applied without NH4OH pretreatment. 
+Grown on Melin-Norkrans medium, as modified by Marx (1967), for 35 days at 20°C. 


TABLE II 


Color reaction of Poria terrestris (orange-staining) tissue and mycorrhiza to chemical reagents 


Agar mat (Z-15)1 


No clear reaction 


Center of mat turns 
yellowish tan to dark 
brown in 2 min; rest 
of mat turns a light 
yellowish brown. 
Old mats turn a 
rusty brown with 
radial streaks in agar 


None 
Same as for 15% 
KOH 


Reagent* Sporocarp Mycorrhiza mantle Rhizomorph 
Chlorovanillin No clear reaction No clear reaction No clear reaction 
H>SO4, concd. None None None None 
KOH, 15% All tissues immedi- Immediately changes Immediately turns pale 
ately turn rusty to dark brown yellow 
brown 
Melzer None None None 
NH4OH, concd. All tissues immedi- Immediately changes Reaction not clear 
ately turn rusty to dark brown, even 
brown, even in in fumes 
fumes 
Sulfoformol None None None None 


*iSee Table I. 


PLATE VII 


Fic. 7. Sporocarp-mycorrhiza couplings. A. Z-14 mycorrhiza cluster (m) connected via rhizomorphs to 
Poria terrestris (blue-staining) sporocarp (s) (X 2.5). B. Z-15 pinnate fan (m) connected to P. terrestris (orange- 
staining) sporocarp (s) (X 5.0), 
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regular in diameter, from 1.5 to 2.6 u, mostly 
about 2.1 u. Branching is mostly simple, some 
paired (Fig. 6, E), “H” fusions are few, and 
clamp connections absent. In contrast to Z-14 
aerial mycelium, abundant conidiophores with 
mature spores are produced (Fig. 6, B). Stalks 
are simple or branched, about 2.0 u in diameter, 
and up to 45 y long (Fig. 6, D-F). Spores are 
hyaline to golden yellow, smooth, globose to sub- 
globose to pyriform, 5.2 by 4.2 u, and contain 
one or two oil drops. Germination has not been 
observed. 

B. Submerged hyphae—Most hyphae (Fig. 6, 
C) are straight, thin walled, hyaline, and regular 
in diameter (from 1.5 to 4.7 u, mostly from 2.1 
to 2.5 p). Branching is simple, clamp connections 
are present but infrequent, and hyphal fusions 
absent. 


Chemical Color Tests of Mycorrhizal and Fungal 
Tissues 


Chemical reagents from among those listed by 
Singer (1962) were applied to fresh sporocarp tis- 
sue, mycorrhizae, rhizomorphs, and fungal mats 
grown in petri dishes for 35 days at 20°C on 
Melin-Norkrans medium, as modified by Marx. 
Bits of tissue of sporocarps, mycorrhizae, and 
rhizomorphs were placed on a white porcelain 
plate and one or two drops of reagent applied. 
Reagent was placed directly on agar mats and 
spread diametrically. Color changes which de- 
veloped within 5 min were noted and are listed 
in Tables I and II. In addition to reagents shown, 
the following were also tested but with negative 
or erratic results: guaicol, phenol, formaldehyde, 
sulfovanillin, alpha-naphthol, pyrogallol, FeSO,, 
and sulfobenzaldehyde. 


Evidence of Association 


Evidence that Poria terrestris is indeed the 
fungal symbiont of the described Douglas fir 
mycorrhizae and that the blue-staining and or- 
ange-staining strains of this fungus are each 
associated with a specific and distinct type of 
mycorrhiza consists of four criteria. First, rhizo- 
morphs of the two strains are microscopically 
distinct. That of the blue-staining strain is loose- 
ly sheathed by characteristic nonseptate curly 
hyphae, but that of the orange-staining strain is 
not. Matching and identical rhizomorphs are at- 
tached to respective sporocarps and mycorrhizae. 
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Second, respective sporocarp, mycorrhiza, 
and, to a lesser degree, rhizomorph and agar mat 
tissues of each strain of Poria terrestris gave 
identical, or closely similar, color reactions to 
various chemical reagents (Tables I and JJ). But, 
tissues of the blue-staining strain displayed com- 
pletely different reactions to reagents from those 
of the orange-staining strain of the fungus. These 
results indicate both the chemical commonality 
of tissues within each strain and chemical differ- 
ences of tissues between the two strains. 

Third, isolates obtained from rhizomorphs at- 
tached to sporocarps of the blue-staining and 
orange-staining strains are macro- and micro- 
scopically identical with isolates from their re- 
spective mycorrhizae and attached rhizomorphs. 
Further, isolates within each strain produce 
identical color reactions with various chemical 
reagents listed in Tables I and IT. 

Fourth, sporocarps of each strain of Poria ter- 
restris have been found connected to their respec- 
tive mycorrhizae via rhizomorphs (Fig. 7, A-B). 
Fresh sporocarps of P. terrestris are common in 
decaying wood from December to March in 
Douglas fir forests of western Oregon. Invari- 
ably, the respective Douglas fir mycorrhiza is 
nearby, within a few centimeters. With some 
patience but without great difficulty, intact cou- 
pling of sporocarp and mycorrhiza may be ob- 
served. 

Despite many attempts to synthesize mycor- 
rhizae with Douglas fir seedlings and both strains 
of the fungus, only one test, with the orange- 
staining strain, has been successful. Difficulty is 
attributed to inadequate growth of the fungi in 
various artificial media tested. 


Discussion 


Most Poria species are saprophytes on debris 
in the forest. A few cause heart rot in standing 
timber, and a few are responsible for decay of 
structural wood in buildings. One, P. weirii 
(Murr.) Murr., causes a serious root rot of 
Douglas fir and other conifers in the Northwest. 
It is, therefore, quite unusual to find among this 
group a mycorrhizal species, one forming ecto- 
trophic mycorrhizae with roots of Douglas fir 
and, to be reported in a later paper, with roots of 
western hemlock. Killermann (1927) first noted 
P. terrestris as possibly mycorrhizal, with roots 
of European beech. His finding has been ignored 
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by mycorrhizal workers these past 41 years, prob- 
ably because his description was scant and vague. 
He did not characterize the mycorrhiza but re- 
corded finding a sporocarp of P. terrestris 
attached to a beech rootlet with underside myce- 
lium enveloping “root hairs.” Convinced of its 
symbiotic role, however, and unable to place it 
with known species, he named the fungus Poria 
mycorrhiza Kill. 

Lowe (1966) writes that Poria terrestris occurs 
on well-rotted angiosperms and gymnosperms. 
In this study, except for one sample of the blue- 
staining strain (Z-14) from mineral soil, all col- 
lections, sporophores and mycorrhizae, came 
from brown-rotted Douglas fir wood or from ad- 
jacent pulverized debris, as behind bark slabs in 
stumps. Neither strain was ever found in white- 
rotted wood. However, despite the fungus’ usual 
decayed wood habitat and its close affiliation 
with wood decay fungi, it is doubtful whether it 
takes part in decomposition of cellulose and 
lignin. Rather, the fungus probably uses simpler 
materials left by a succession of decay fungi and 
other organisms. A physiological comparison of 
this unusual mycorrhiza-forming Poria with 
other species of this genus should be valuable. 

The data here presented warrant designation 
of the blue-staining (Z-14) and the orange-stain- 
ing (Z-15) strains of Poria terrestris as at least 
distinct varieties. Not only do sporocarps of the 
two strains differ in color of staining and struc- 
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ture of attached rhizomorphs, but the fungi differ 
both in culture and in formation by each of a 
distinct Douglas fir mycorrhiza as well. Taxon- 
omy of the two strains will be the subject of a 
future paper. 
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